i)

MR July 1943

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

1 6 JAN 1988

ORIGINALLY ISSUED

July 1943 as
Memorandim Report

HREPORT

\I

INVESTIGATION FOR THE DEVELOPMERT OF A HIGH-SPEED
ARTIATRCRAFT TOW TARGET
By Eugene Migotsky

Langley Memorial Aeronautical Laboratory
Langley Fleld, Va.

. _ mrARY
MACA, sy,
- LANoLEY %R‘_ATOKY
Lacgley Field, V&

VWASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L -~ T60




3 1176 01354-4138

I~T750

. NATIONAYL ADVISORY COMMITTEE FOR AERONAUTICS
HEMORANDUM REFPORT

for ths
Bureau of Ordnance, Navy Department
INVWS”IGATION FOR THE DREVELOPMENT OF A HIGF SPEED
AH”IAIRCRAFT TOW TARGLT
By Eugene Migotsky
SUMHARY

An investigation has been conducted at the NACA full-
scale tunnel for the purpose of develop*ng a target which
can be towed satisfactorily at high speeds. _

The‘tests.included drag measurements and visual obser=-
vations of the stab*lity characteristics of several full-size
and 1/3~=cale rodels of sleeve -type tow targets. A few
tests were also made to determine the stabllity character-
1stics of a rigid-type tow target. The effects of fabric
porosity on the drag and stability characteristics of the
targets were investigated. Fins were added to some of the
targets in an attempt to improye thelr stabllity character-
1stics. ' | _

The drag coefficlents obtained for the currently used .
targets were found to be excessively high. Reducing the
fabric porosity reduced the drag but also decreased the sta—
bility of the tarpgets, The addition of fins to sleeve-type
targets did not provide satisfactory stabiiity. In general,
the English type target, which has a tall dlameter larger
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than the nose diameter and restricts the ma jor portion of
the air leakage to the blunt tail, was found to be the most
satisfactory of the.sleeve-type targets. The rigid-type.
target, which has a much lower drag than any of the sleeve-
type targets, should possess satisfactory stability for
high-speed towing.
INTRODUCTION

The tow_tgrgets currently used by the Navy have become
lnadequate for realistic antiaircraft tralning. Theée
targets have an.excgssive drag which gfeatly reduces the
speed of the towlng alrplane and imposes such high loads
upon the exlsting towlng equlpment that satisfactory towlng
cannot be.obtained at speeds greater than 150 miles per hour.
In order to develop a high-spsed antlalrcraft targset capable
of belng towed in flight~at 300 mlles per hour Ilndicated
alrspeed wilith sultable stabllity, an investipgation was con-
ducted at the request of the Buréau of Ordnance, HNavy
Department, in the NACA full-scale-tunnel.

A summary of previous experlimental investigatlions of
tow targets by the Navy Department 1s glven 1n reference 1.
The present 1nyestigation included drag measurements and
observatlons in the wind-tunnel of the flight characterls-
tics of severallfull-s;ze tow targeté currently used by the
Navy and of a full-slze open-ﬁose streamline target deslgned

at the LMAL. TIn addition, 1/3-scale models of several
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-sleeve-type tow targets were tested to establish the merlts
of different target.- designs.. Flns of various sizes were
added to one of the designs to determine thelr effectlve- .
ness 1n improving the stabllity of the model. . 4 tow-
target design, consisting of three plywocd fins tapering
almost to a polnt at the nose,was also tested. A study
was made of Ehe influence of fabrlc porosity on the drag and -
stabilit& of tow targets of different shapes.' Tests .were
also conducted to determine the relative merits of different
tow-target fabrics that were submitted to the 'LMAL by severel
manufacturers.

To study the stabllity characteristics of a rigid -tow
target reéembling an airship, a 1/16-scale model was tested
in the NACA stablllity tunnel, and a 20-foot experimental
target of this type was tested 1n the MNACA 16~foot tunnel.

APPARATUS AWD T®STS

Full-aslze sleeve-type targets. - Pertinent dimensions

of the full-size Navy tow targets tested are given in
table I. Flgure. 1 shows a sketch of the streamline target
deslgned at the IMAL. This target was constructed from
the fabric of a standard Mark XIV sleeve and had a rigid
sheet-durel nose.

The full-size targets were mounted in the NACA full-
scale tuinel by means of a 1/8~inch aircraft control cable

eitending from the target bridle upstream 150 feet to a
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pulley at the tﬁrning vanes and then downstream to.the. alr-
plane support struts. . The drag of the target was read
directly on.the wind-tunnel drag balance. Photographs of
two of these targets 1n flight in the wind -tunnel are shown
in figures 2 and 3. |

. One-third-scale tow-target models. - Drawlngs are glven

in figure 4 of the 1/3-scale models which were tested to
determine the relative merlits of three basic tow-target
shapes; namely, the currently used cylindrical type, the
streamline form, and the truncated-cone shape recently.
developed In Ingland. These targets were constructed from
alrplane fabric. The bridle was:- fastened to a 1/8-1inch
steel ring sewsd Into the nose of the sleeve,

The balance deslgned foritesting the: 1/3-=scale models
was placed on the slde of the wind-tunnel center line so
that the tests would not interfere with the wind-tunnel
testing program. The mg@els were toweq by means of a
1/16-inch alrcraft control cable that extended upstream
30 feet from the bridle of the target to a_pulley rmounted 1n
the entrance cone and then down to a scale which measured
the drag.

Tests were made to determlne the effects of the slr
leakage through the fabric on the drag and stabllity of
several of the target models. For these tests, the po-

roslty of various sectlons of the fabric was reduced
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by brushing these portions of the fabric with 1light motor
o1l. - . - ‘

In an atté;pt to improve the stability characteristics
of the streamline target (fig. L(b)), fins were added to the
s8leeve,  Thése modified sleeves are shown in flgures 5(a)
and 5(b). A tow-target design, consiating of three plywood
fins tapering almost ‘to & point at .tha npse (fig,.5(0)),

was also teated. Visugl observatlions were made ‘to study

‘the stabllity characteristics of these targets, but no drag

readings were taken.'

Various rodifications (fig. 6) were made to an English
type sleeve to determine the effects on the drag and sta-
bility characteristics of the sleeve resulting from minor
chenges in the basic geometric form such as the length of
the sleeve, the shape of the tapered portlion, and the size
of the nose dliameter. To simulate the impervious fabrie
of the tapereéd section of the Engli'sh target, the tapered
portion of these models wds olled -and the flat circular
td1l plece was left dry.

The model shown in figure 6(c) was used for testing
the relative porosity »f the various fabrliecs., Samples
of the materials were sutmltted for tésting end the
manufacturers! designations -fér them-are as follows:
Standard Navy tow-target oloth was used in the Marl XIV .
target and airplane fahric was.used in the construction of
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the 1/5~scale models. The target drag was used as the
orlterlon for compaiison of the relatlve merits of the

" different fabrics submltted.

All the tests of the 1/3-scale tow~target models were
- conducted at the NACA -full-scale. tunnel at velocities from
ebout 60 to 100 miles per hour..

Rigid-tow-target design. -.A drawing of a 1/16-scale

rigid-tow-target model, which was constructed of balsa wood
and tissue paper, is gilvern In figure 7.  1In order -to obtain
statlc stablllty, the center of gravity was moved forward
(to a positlion about 0.3 of the lsength from the nose) by
placing welghts 1n the nose,

Tests to determine the stabllity characterlstics of
thls model were conducted at the NACA stabllity tunnel,
which ls of the closed-throat type. The model was mounted
in the wind tunnel by a fish line extending from the nose
of the model sbout 10 feet upstream and attached to the upper
wall of the tunnel throat. Visual observations of the flight
of the model were made through a glass panel in the test
sectlion. Tunnel speeds up -to about 15Q miles per hour
were used for these tests.

Tests of a 20-foot experimental target of thls type
were conducted at the NACA. 16-foot tunnel. . Thils target
was constructed by the Navy and was geometrlcally similar to

the model shown in flgure 7. The -location of the center
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of gravity, however, was approximately 0.5 of the target
length from the.nose. These tests were made to determine
fhether the ta;geé was st;ble with this réar center-of~
grévity locatlon.

The target was mounted in. the wind tumnel by -means of
a 3/32-inch gircraft control cable extending from the
target nose to the upper surface of the entrance cone.
This setup is shown in figure 8. ' ‘Visual observations were
made of.the flight of the target:at airspeedé up- to about
100 mlles per hour.

RWSULTS AND DISCUSSION

Full-size sleeve~type targets. - The measured drags of

“the full-size VWavy tow targets teated have been plotted

agalnst indlcated sea-level alrapeed in flgure 9. These
same results are shown replotted 1n the form of drag coef-
ficlents in flgure 10 where the drag coefficient, based on

frontal area, is defined as

D
where
D drag
P alr density (0.00238 slug per cubilc foot at sea
level)
Vo free-stream ﬁelocity

-

S¢ maximum frontal area
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The drag coefficients vary between 1.15 and 1.48 for the
range of test veloclties, which is about in agreement with
fllght-test data. These values 'are about 10 .times higher
than would be expected from skin frilction alone;. in fact,
they exceed the value of the drag coefficlent for a flat
circular disk normal to the wind stream, which 1s about 1l.11
(reference 2). The high cdrag of these targets is probably
assoclated with the energy regquired to pump the alr through
the fabric. If the entire dynamic pressure % Vo2 is lost
forcing a volume 2 of alr per second through the fabrie,
the resulting drag force 18 pi¥s and the corresponding drag
coefficlent, ZQ/VoSf. For example, if the leakage quantity
were such that the entrance veloclty was one-half the free-
stream veloclty, the resultant contributlon to the total
drag coefflclent would be 1.0,

No drag measurements are presented for the streamline
target designed at the LMAL. In the first tests of this
target 1t falled to inflate, except at the tall. The
fabrlic behind the nose and over most of the length remained
wrinkled and contracted so that the passage through 1t was
only about 1 square foot 1ln cross section. A sketch of
the peculiar shape teken by the target is given in filgure 11.
This shape results from the leakage of alr through the fabric.

In order to reduce the permeabillty of the fabric, 1t

was soaked in water. When tested, 1t Inflated completely.
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The flight was very unsteady, however, belng characterlzed
by a snaking motion, especlally toward the tail, accom-
panled by violent lateral osclllatlions of the target as a
whoie. qu to these osclllations, no reliable drag
readings could bé taken; visual obgervationa of the balance,
however, in@icated that the drag was about one~half to one-
third that of the lark #IV st;ndﬁrd target.

. One-third-scale models. - The drag coefflclients of
the three baslc tow-target shapeg - c¢ylindrical sleeve
(Mark XIV), streamline sleeve with ring nose, and English
low-drag sleeve - are glven 1n flgure 12 for the dry-fabric
condition. These results indlcate that the latter two_
shapes are.bo£h superlor to the Hark xIiv. The drgg coef-
ficlents obtained for the English low-drag sleeve weré less
than one-half the values obtained for the lMark iIV model.

The effect of decreasing the fabric permeabllity pro-
gressively from the nose to the tall on the‘drag coef?i-
clent of the Mark XIV model is shown in figure 13. At
70 miles per hour the drag coeffliclent of the dry model
was 1.2, whereas with seven-elghths of the sleeve olled
the drag coefficlent was rgggppd to 6.8, Withltpiu de-
crease in drag there was an accompanying decregselin sta-
billity. Wheﬁ the target was three-fourth; (pr mofé) wet,
the osclllations were of such a_nature:that relliable drag

readinga could not be taken at the higher alrspeeds.
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. In the olled condltion the streamline sleeve (fig. 4(b)
was -unatable, .even at. the lower wind-tunnel velocltles. An
attempt was made to correct thls lnatebllity by adding three-
fin tall surfaces to the model. The small three-fin plywood
tall (fig. 5(a)) proved entirely inadequate. Although the
larger three-fin tall (fié. 5(b)) was somewhat more effective,
1t 414 not provide satlsfactory stabllity, The fallure of
the fins to correct the instab;iity is due to the fact that
any righting moment that the filns ma& prodﬁéé.is not trans-
mitted through the nonrigld fabric; consequently, the tail
of the target retains 1ts snakling motlon. The target model
shown in filgure 5(c), conslsting of fins only, may be con-
sldered as the limlting case resultling from increasing the
fin area. The path described by thls model in flight was
approximately a cone wilth the pulley 1n the support struf
as the apex. The pecullar nature of thls fllght may have
been the result of a slight twlst or misalinement of the
fins and Improper center-of-gravlity locatlon.

The results of the tests of the Enpgllsh low-drag sleeve
were more satlsfactory. Vhen the faebric was dry, ?he drag
coefflclents were about one-half the values obtained wilth
the dry Mark XIV model. The results of tests made with the
tapered section of the target olled are shown in figure-1ll.
The drag coefflclient of thls target at the higher wind-
tunnel speeds {(about 100 miles per hour) was.0.36 or about



28 percent of the drag of :the.dry Mark XIV model at the same
velocities- The stabllity. of thils modsl was much more
satisfactory than any of the other models tgasted In the

- 01led condition. At the lower alrspseds, the fllght of .
the model was characterlzed by some tall shaling and lateral
osclllations of the target aa a whole. The motions, how-
ever, were not of a violent nature. As the airspeed was
increased, the lateral osclillatlions of the entire target
almost dlsappeared and the tall shakling was materlally re-
duced.

Since the area presented to the gunner by thls target
1s small in comparlison to the original !Mfark IV sleeve,
several larger targets of the same general construction
were tested to deterrmine the effect of lncreaslng the
length of the sleeve while keeplng the same nose and tail
diameters constant. The results of/gzsss are shown 1ln fig-
ure 15. The change 1n drag coefficient with increasing
length 1s =mall. At 100 miles per hour, the drag coeffl-
clent of the 10-foot target 1as 0.02 greater than the corre-
sponding value for the Iinglish low~drag sleeve
(length = 4 feet 11l inches). This increase 1s negligible,
however, when compared to the increase 1n slde area pre-
sented to the gummer.

The results of tests made to determine the effects of

changling the shape. of,. the tapered portion and nose diamqter
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of the 6%-foot-mpde1 of .the -English type target are presented
in figures 16 and 17. Changling -the shape of the tapered
portion reduced the drag coefficlent of the dry target about
0.03 but had.lﬁttle effect on the drag of the olled sleeves,
Reducing the inlet opening reduced the drag coefficient of
the sleeve by C.05. Thils reduction 1n drag is due to the
reductlion in the quantity of alr entering the sleeve, which
results 1n a smeller quantity of alr. leaking out throuch the
. fabric.

In general, changing the length of the sleeve, the shape
of the tapered sectién, and the nose diameter had little
effect on the stabillity characterlistics of the Irglish type
target, Assuming that the drag force .remains essentlally
constant for small displacements of the sleeve from the
neutral positlon, the restoring moment is a direct function
of the.moment arm of the drag force which 1s a.maximum when
the drag 1s located at the tall of the target.

The drag coefflclents, besed on maximum frontal aresa,
for the English type sleeves nade from the different fabrles
are plotted against indicated alrsneed 1n figure 18. THo
results were obtalned for the, rayon fabric.-4A since 1ts
porosity was too grezt and only a snall nortion abt the
rear of the sleeove was inflated. The drag coefficlents of
the targets constructed of the other materials (fabrics B,
¢, and D) varied between 0.L2 amd 0,50, which indicates
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that these fabrios have a lower porosity than the airplane
fabric used 1n previous tests which, in the dry condition,
had a dreg coefficlent of 0.60. Fabric C is slightly
_sppe?ipr‘to the others. The porosity of the target cloth
used 1in phe qark XIV targets 1s about the .seme as -that of
the airp}ane fabrig and 1s much greater than the porosity
of fabriocs B,.C, end D. : -0,

It should be noted that there may be some velocity
effect on the porosity of the fabric, and the drag results
may not apply exactly to a full-zize tapget being towed at
high speeds. I'rom tests of varlous fabrics by Maclennan
(reference 3), the quantity of alr flowing through the
fabric increases with nressure drop across the fabric at a
different rate for different fabrics. It 1s belleved,
however, that the relative merits of the fabrlcs as deter-
mined by these tests should not he affected greatly by
scale effect.

Rigid tow-target design. - The use of a rigid, stream-

line body, resembling an airspip, for hlgh-speed towing
offers_thq advantages of much lower drag than the sleeve-
pre targets and stabllity through the use of fins.

‘Tests of the. 1/16-scale rigld-tow-target model (fig. 7)
in the NACA stability tunnel showed that this model was very

stable at all wind-tynnel speeds. - As .the alrspeed increased
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the steadiness of the modql also increased and, at velocltles
over-about 100 miles per hour, the model assumed an extremely
steady attitude in the throat of the wind tunnel. No drag
measurements of thls model were mads. it is belleved, how-
ever, that the drag coefficlent of the tarfet, based on
maximurm cross-sectlional area, 1s of the order of 0.09, which
1s about one-fifteenth that of the Mark XIV sleeve.

The 20-foot experimental target tésted 1ﬁ the MNACA 16~
foot tunnel was found to be stable through thg range of
alrspeeds tested (about 70 to 100 miles per hour) but ex;
hibilted a rotational tendency which wound up ths cables at-
tached to the target. This was probatly dne to a slight
twist in the tall surfeces and should not prove to be very
seriou;. Since perfect alinement of thé fins 15 dlfficult
to obtaln, 1t 1s suggested that ar effective swivel be in-
corporated In the design to compensate for the resulting
rotatlon.

The addlitlon of fins to thls type of target 1s neces-
sary lnasmuch as bodles of thls shape are aerodynaﬁically
unstabls. En analysls ras been made of the fin aréa re-~
quired to obtaln neutral stabllity for thls type of targst.
The results of thls analysls are presented 1n flgure 19 as
curves of total fln area required against target length for
targets which are geormetrically simllar to'the model shown

in figure 7.
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To estimate from flgure 19 the fin area requlred for a

- target of .given length and center-of-gravity location, flnd

the coincliding point.of target length and center-~of-gravity
location and read to the left for the fin area.

In order to obtailn the fin area requlred for a target
having a tall with aspect ratio other than 3.25, the correc-
tion factor K can be applied by using the reiatioﬁ

St = K(St)a=3.25
where 8¢ 1s the total area of the four flns.

Since these results provide for neutral stabllity only
and for a tow target of this type a falr degree of stability
1s desirable, 1t 1s recormended that the fin area obtalned
for neutral stabllity be rmultiplled by a factor of 1.5 to 2.0.:

Towlng cable. -~ In presenting the drag results of the

tow targets, no considseration has been given to the drag of
the cable which must be taken into account when estimating
the horsepower requlired to tow the target. This cable drag
would be materlally reduced.if a low-drag terget such as

the rigld type were used which permits the use of towlines
of smaller slze and less drag.

Experlience has shown that cgble length 1=z an lmvortant
factor 1n the stabllity of a towed body, and an analysis by
Glauert (reference 4) indicates that a short wire 1s a
factor which tends to produce instability. No difficulty
should be encountered wlth the long towlines used in practice.
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CONCLUDING REMARKS

l. The drag coefficlents obtalned for the full-size
Navy tow targets were high and exceeded the value for a
flat circular disk normal to the wind stream. This high
drag was found to be due to high fabrlc porosity.

2. A tow target of the &Inglish type, which has a tail
dilameter larger than the nose dlameter and restricts the
ma jor portion of the alr leakage to the blunt tall, has
sbout one-quarter the drag coefficient of the standard
cylindricael sleeves and has adequate stabllity.

5. Reducing the permeabllity of the fabrics reduced
the drag of all the targets tested but also decreased thelr
stabllity. The stabllity of the English type targets was
least affected by reductions in the fabric porosity. The
cylindrical and the streariline sleeves, however, were un-
stable when the fabric was irpervious.

4. Conventlional fins to improve the stability of
fabric targets are not effective due to the fallure of the
nonrigld fabrlc to transmit the stabllizling loads to the

body.
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5. A rigld-type tow target, resembling an alirshilp,

,Bhould have about one-fifteenth the drag of the HMark XIV .

target end sufficlent stability for towing at high speeds.

Langley Memorial Aerénautical L&bora%éry,
Natlonal Advisory Commlttee for Aeronautles,
Langley Fleld, Va.,, July 3, 1943.
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Figure 1. - Sketch of full-sise streamline target designed at the LMAL,



Two views of the Mark-XIV (standard) tow target in the

Figure 2.-

NACA full-scale tunnel.




Figure 3.- Two views of the Mark-VII tow target in the NACA
full-scale tunnel.
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Figure 8 . - Location of 20-foot rigid target in the LMAL 16-foot tunnel.
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Figure 11, - Shape of streamline target in flight i~ the NACA full-scale tunnel with
febric dry. | |
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